Background: Glucose is the main source of energy for organ function in neonates. There are few published recent data on neonatal glucose levels during cesarean delivery. Methods: A case (cesarean delivery) -control (vaginal delivery) study was conducted at Khartoum Hospital Sudan to compare blood glucose levels of term newborns born after elective cesarean delivery with those born vaginally. Results: Cord blood glucose levels at delivery were significantly lower in women who had a cesarean delivery compared with those who delivered vaginally (99.8 ± 20.6 vs. 106.8 ± 11.1 mg/dl, P = 0.026), but there was no significant difference (97.8 ± 16.7 vs. 102.1 ± 9.6, P = 0.110) in newborn glucose levels at 2 hours after delivery between the groups. In linear regression, cesarean delivery (−6.475 mg/dl, P = 0.013) and maternal blood glucose levels at the time of delivery (+0.619 mg, P < 0.001) were significantly associated with mean cord glucose levels. Conclusion: This study shows that cord blood glucose levels are significantly lower in cesarean-delivered neonates than vaginally-delivered neonates. In addition, cord blood glucose levels are significantly associated with cesarean delivery and maternal blood glucose levels at delivery. Virtual Slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/ vs/2011479878124993
Letter to the Editor
There has been a recent dramatic increase in the rate of cesarean delivery [1, 2] . There are many fetal and perinatal complications of cesarean delivery e.g. obesity, allergies, metabolic disturbance, and lower blood glucose levels in the offspring [3] [4] [5] [6] .
There are few published recent data on neonatal glucose levels during cesarean delivery [6] [7] [8] . Glucose is the main source of energy for organ function in neonates. In particular, glucose is an exclusive source of energy for the function of the central nervous system in neonates [9] . The definition and management of neonatal hypoglycemia are controversial and there is no constant cut-off point for low levels of neonatal glucose [10] .
A case-control study was conducted at Khartoum Hospital, Sudan during April to June 2012 to investigate glucose levels in neonates born to women who delivered by elective cesarean. Cases were women delivered by elective cesarean (before labor) and controls were consecutive vaginal deliveries. In both arms of the study, women were at term (37-41 completed weeks of gestation), newborns were ≥ 2500 g at birth, there was no history of fetal problems, and Apgar scores were 8 or higher at 1 and 5 minutes.
Newborns of mothers with any medical disorder, ante/ intra-partum complications, newborns with signs suggestive of perinatal stress, and instrumental delivery, and those who required intensive resuscitation and care were excluded from both cases and controls.
Mothers who underwent cesarean delivery were fasting for at least 6 h before cesarean delivery. All vaginallydelivered infants were placed at the breast immediately after delivery. Every newborn had a venous cord blood sample obtained from the umbilical cord and another sample was taken 2 h later from a peripheral vein.
This study received ethical clearance from the Research Board of the Faculty of Medicine, University of Khartoum, Sudan.
After signing an informed consent, demographic data were collected using a pretested questionnaire. Then maternal blood glucose levels at delivery and at 2 hours after delivery, cord glucose levels at delivery and 2 hours after delivery were measured immediately after collection for whole blood glucose levels using the bedside device Accu-Chek™ Multiclix (Roche Diagnostics, Mannheim Germany). Start of feeding time, sex of the newborn, neonatal weight, Apgar score, duration of labor, time of mother's fasting, time of starting feeding after delivery, and fluids during labor, were recorded and analyzed.
Data were analyzed using SPSS for windows. Means and proportions of the basic socio-demographic, clinical data and blood glucose levels were compared between women who delivered vaginally and those who had a cesarean delivery using the Student's t-test and X 2 test, respectively. Linear regression was performed where blood glucose levels (cord, neonatal) were the dependent variable, and other variables (maternal and perinatal) were the independent variables. P < 0.05 was considered significant.
The two groups (55 women in each arm) were well matched in their basic characteristics ( Table 1 ). The time of fasting was significantly longer in women who delivered by cesarean than in those who delivered vaginally (8.4 ± 1.1) vs. 3.4 ± 1.4 hours, P < 0.001, Table 1 ).
There were no significant differences in maternal blood glucose levels at delivery and at 2 hours after delivery in the two groups of women. However, cord blood glucose levels were significantly lower in women who delivered by cesarean than in those who delivered vaginally (99.8 ± 20.6 vs. 106.8 ± 11.1 mg/dl, P = 0.026). There was no significant difference in neonatal blood glucose levels at 2 hours after delivery between women who delivered by cesarean and those who delivered vaginally (97.8 ± 16.7 vs. 102.1 ± 9.6, P = 0.110) ( Table 2 and Figures 1 and 2) .
In linear regression, the factors that were significantly associated with mean cord blood glucose levels were cesarean delivery (−6.475 mg/dl, P = 0.013) and maternal glucose at the time of delivery (+0.619 mg, P < 0.001, Table 3 ). The factors that were significantly associated with mean newborn blood glucose levels at 2 hours after delivery were cord blood glucose (+0.954 mg, P < 0.001) and maternal glucose at 2 hours after delivery (+0.161, P = 0.004, Table 4 ).
A similar finding was reported by Melkie and his colleagues who found that cord blood glucose levels were significantly higher in vaginally-delivered newborns than in cesarean-delivered newborns at delivery, with no significant difference at 2 hours after delivery [7] . Recently, cord blood glucose levels were reported to be lower in cesarean delivery than in vaginal delivery [6] . However, the change in blood glucose levels over the first 2 hours of life was significantly higher in cesarean delivery vs. vaginal delivery (glucose levels alone were not different between the two groups). Additionally, cord blood glucose levels significantly affected the change in blood glucose levels over the first 2 h after delivery [6] . Similarly, a previous study showed that cord blood glucose values were significantly higher than those of newborns delivered by cesarean. These findings suggest that stress results in release of catecholamines during vaginal delivery [11, 12] .
The duration of fasting had no significant association with mean maternal blood glucose levels at delivery and at 2 hours following delivery. Maternal blood glucose levels at delivery were significantly associated with maternal blood glucose levels at 2 hours after delivery (+852 mg, P < 0.001).
In vaginal delivery, there was no correlation between cord blood glucose levels and newborn blood glucose levels 2 hours after delivery (r = 0.257, P = 0.056) and the duration of labor (r = 0.238, P = 0.078).
During fetal life, cord blood glucose concentrations are correlated with maternal blood glucose concentrations [13] . Fasting time and the catecholamines released during vaginal delivery are possible mechanisms for this difference in blood glucose levels [6] . Interestingly, in the current study, although maternal blood glucose levels were not different between women who delivered vaginally and those who delivered by cesarean, both cord blood glucose and newborn blood glucose levels 2 hours after delivery were associated with maternal blood glucose levels. Furthermore, in spite of a longer fasting time in women who delivered by cesarean than in those who delivered vaginally, fasting time was not significantly associated with maternal blood glucose levels. Therefore, newborn blood glucose was correlated with maternal blood glucose, which was not correlated with fasting time, which was assumed to be the more plausible explanation before [6] .
In the current study, there was no correlation between blood glucose levels and the duration of labor in women who delivered vaginally. The stress of labor on the mother and newborn increases maternal and fetal catecholamines [14, 15] . Catecholamine release is higher during normal vaginal delivery than during cesarean delivery [14] . This process forms an essential part of adaptation of the fetus to the extra-uterine environment [16] .
Conclusions
In this study cord blood glucose levels are significantly lower in cesarean-delivered newborns than in vaginallydelivered newborns. In addition, cord blood glucose levels are significantly associated with cesarean delivery and maternal blood glucose levels at delivery.
